Those with a vegetarian diet, especially vegans, were less likely to follow screening guidelines, particularly among non-Blacks: vegans (OR=0.47, 0.39-0.58), lacto-ovo-vegetarians (OR=0.75, 0.66-0.86), and pesco-vegetarians (OR=0.74, 0.60-0.91) compared to non-vegetarians after adjusting for age, BMI, marital status, education, income, and family history of cancer. Trends for dietary patterns remained unchanged after stratification on age, family history of cancer, education, personal income, marital status, and BMI. Among black men, diet patterns showed no significant associations with utilization of prostate cancer screening, although vegans tended to underutilize screening compared to non-vegetarians (OR=0.70, 0.44-1.10). Conclusions: Vegetarians, especially non-black vegans, are less likely to follow recommended prostate cancer screening guidelines. The effect of diet was attenuated, and not statistically significant, among black men. Impact: Since only about 60% of US men follow prostate cancer screening guidelines, it is important to study reasons for non-compliance in order to increase utilization of preventive measures against prostate cancer.
Introduction
Prostate cancer is the most common incident cancer and the second leading cause of cancer deaths among men of all races in the Unites States [1] , with 1 in 6 American men developing the disease (lifetime risk 17.18%) while lifetime risk of dying of prostate cancer is 2.75% [2, 3] . Prostate cancer screening, de-
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International Publisher spite some acknowledged limitations, is considered an important method for early detection [4, 5] . Screening recommendations in 2002, at the time of recruitment to the Adventist Health Study 2 (AHS-2), were annual or biennial prostate specific antigen (PSA) test and digital rectal examination (DRE) among men 50 years and older with a remaining life expectancy of 10 years or more [6, 7] .
Following the recommendations for PSA screening frequency has been decreasing from 20 .6% in 2000 to 15 .2% in 2005 among single, never-married men, while screening among married men increased from 29.9% to 32.6% in the same time period [8] . At the same time, national trends in age-adjusted prostate cancer mortality in the U.S. declined from 39.31 per 100,000 in 1991 to 21 .99 in 2009 [9] . The lower mortality is most likely due to earlier diagnosis and more effective treatment among those who undergo screening [10] [11] [12] [13] [14] [15] .
Previous research in the U.S. [16, 17] has found that more than 50% of men, aged 50 and older, report that they have had a PSA test at least once. Utilization of PSA screening has been associated with age, education, health behavior, health insurance, usual source of medical care, and providers' recommendations [18] [19] [20] [21] . One study reported that those with a low fat diet and high intake of fruits and vegetables were more likely to use PSA screening [22] .
The Adventist church encourages members to abstain from alcohol and tobacco, to adhere to a vegetarian diet and in general follow a healthy lifestyle. Adherence to the dietary recommendations varies widely and thus provides good power to study associations with various dietary patterns. Due to their overall more healthy lifestyle, Adventists enjoy a lower incidence of many chronic diseases compared to the general population [23] . It is of interest to investigate whether this could be related to better screening utilization and whether such utilization varies with self-selected dietary habits as well as with other demographic factors that may confound this association. The recently established cohort of Adventists, the AHS-2, was used for this study [24] .
Materials and methods

Study population
The Adventist Health Study-2 is a cohort study of 96,335 Adventists living in the U.S. and Canada. The goal of the study is to investigate how diet and other lifestyle factors are associated with colon, prostate and breast cancer. The study has been described in detail elsewhere [24] . Briefly, the AHS-2 is comprised of subjects (30+ years of age) from Adventist churches throughout all 50 U.S. states as well as all Canadian provinces. Subjects who were sufficiently fluent in English to complete a lengthy questionnaire were eligible for enrollment . Recruitment was from  2002-2007 and included 7,390 black and 25,572 non-black men. The present study is limited to males 50-74 years at baseline, with no prevalent prostate cancer and with complete information on the question of prostate cancer screening. Thus, the final analytic population consists of 2,366 blacks and 8,796 non-blacks (including 7,723 Non-Hispanic Whites, 422 Hispanic and 651 men from other ethnicities), for a total of 11,162 men.
Outcome measure
The baseline questionnaire asked 2 questions about prostate cancer screening: "How long has it been since you've had … a PSA blood test?" and "…a digital rectal exam for enlarged prostate (the physician places a gloved finger in the rectum)?", with answering alternatives "never", "5 years or more", "3-4 years ago" and "0-2 years ago". Those who responded that they had been screened with a PSA blood test and/or by DRE within the last 2 years were considered compliant according to the recommendations of the American Cancer Society (ACS). This "Yes/No" prostate cancer screening measure was the dependent variable in our regression analyses.
Dietary Pattern classification was based on the intake of 25 different food group items [25] . Participants were asked to report their usual or average intake of each food item during the past one year. There were up to 9 frequency response options, ranging from "never or rarely" to "6+ per day". Frequencies of intake were converted to daily equivalents and these were used to construct composite food variables that measured intake of red meat, poultry, fish, eggs and dairy foods. Values of these variables allowed subjects to be assigned to one of five different dietary groups as shown below:
• Vegans: eat meat, fish, and dairy less than once a month; • Lacto/ovo-vegetarians: eat meat and/or fish less than once a month, and dairy and/or eggs more than once a month; • Pesco-vegetarians: eat meat less than once a month and fish more than once a month; • Semi-vegetarians: eat meat more than once a month, and fish and meat combined less than once a week;
• Non-vegetarians: eat meat and fish combined 1 or more times per week, and meat >1/month.
Demographic variables examined were based on literature review and included age, race/ethnicity, personal annual income, educational attainment, marital status and geographic region of residence [26, 27] .
Family history of cancer was registered in two ways in the questionnaire. For prostate cancer, the respondents were asked to indicate whether first-degree relatives (father, brothers or sons) had been diagnosed with this cancer. In addition there was another field where subjects could tick and write-in which other cancers had occurred among first-degree relatives. Sometimes the men wrote in prostate cancer in this field and, if so, these were added to the analytic file as prostate cancer in the former variable. Thus, we defined four risk groups depending on whether there was a family history of prostate cancer only (N=581), other cancer only (N=3,685), both prostate and other cancers (N=522) or no cancer (N=5,438).
Race was self-reported and subjects could choose among a total of 22 different race/ethnicities. Anyone indicating a mixture of several races where "black" was one component was categorized as black. Likewise, subjects were categorized as Hispanic if there was any mention of "Hispanic" in their racial description. Race was a confounder since prostate cancer is known to be more common among black men and thus screening utilization could also be affected by the higher occurrence of prostate cancer in this racial group.
Other candidate covariables
Body mass index was calculated from self-reported height and weight.
Physical activity was estimated based on self-reported time of a vigorous exercise program in minutes per week and/or distance and time spent in walking, running or jogging each week. Based on these questions, physical exercise was categorized into 4 levels: none, low, medium and high. For example, medium exercise required either walking, running or jogging for between 105 to 175 minutes per week or for a distance between 3 to 9 miles per week. A vigorous exercise program was defined as vigorous exercise more than 105 minutes per week.
Alcohol consumption -Since Adventists are mostly teetotalers, alcohol consumption was classified as Never vs. Ever use of alcohol.
Smoking -as with alcohol, the Adventist church proscribes smoking. Only 1.3% report being current smokers and 71.7% of the men have never smoked. The smoking variable was therefore dichotomized into Never versus Ever.
Prevalent chronic diseases -at enrollment, subjects were asked about prevalence of a total of 30 doctor-diagnosed chronic diseases including respiratory, cardiac, endocrine, neurologic and gastrointestinal diseases. Based on this, "Number of chronic diseases" was coded into three levels: "none", "1-4" and "5 or more". In addition, "Enlarged prostate" was reported as a separate variable.
Statistical analyses
Chi square statistics were used to test univariate null hypotheses that prostate screening was not related to other nominated variables, in both the total sample and samples stratified by race (table 1) .
Age-adjusted univariate logistic regression analysis was used to explore the independent association between prostate cancer screening behavior and dietary patterns. Based on the literature [18] [19] [20] a basic model that included dietary patterns, age, race, education and marital status was developed. Using this basic model, other candidate variables listed in Table  1 were added one at a time to assess whether they changed the main effect of dietary patterns more than 10%. Only BMI met this criterion and was included in the final model (table 2) .
Interactions between race (black and non-black) and the dietary patterns were found and therefore the analyses were performed separately by race (table 2) . Development of final models for the two racial groups used the same approach as described above and the final models for both blacks and non-blacks were identical to the model developed for the total study population.
Calculation of variance inflation factors did not reveal excessive multicollinearity in these models. All analyses were done using SAS Software 9.3 [28] .
Results
About three fourths of the men reported having been screened for prostate cancer during the last 2 years. And among those who had not been screened within the last 2 years, one third (n=951) had never undergone prostate cancer screening. A larger proportion of black than non-black men reported screening within the last 2 years (75.0% vs. 72.8%, respectively). In multivariate analysis the odds ratio (OR) was larger than that implied by this univariate result with a value of 1.38 (95% confidence interval (CI): 1.20-1.57).
Additionally, those who reported screening according to ACS guidelines were more likely to be older, to be currently married, to have higher BMI, education and income, be more physically active and report a higher number of prevalent chronic diseases (Table 1) .
Association with dietary patterns
A higher than expected proportion of those who had not screened according to ACS guidelines tended to be vegans (13.3 vs. 6.8 %), and the overall association between screening within two years and dietary pattern was statistically significant (p<0.0001) ( Table  1) .
In age-adjusted univariate analyses, those with vegetarian dietary patterns were less likely to have utilized prostate cancer screening than non-vegetarians. The vegans were least likely to screen (OR=0.46) followed by the lacto-ovo-vegetarians (OR=0.84) and pesco-vegetarians (OR=0.88). No difference in screening utilization patterns was found between semi-vegetarians and non-vegetarians (Table 2) .
When adjusting for a number of demographic factors in multivariable analyses, the association with dietary patterns remained very similar for vegans, lacto-ovo-vegatarians and pesco-vegetarians with OR 0.50, 0.76 and 0.79, respectively ( Table 2) .
Race specific analyses
The association with dietary patterns was much stronger among non-blacks than blacks with the multivariate odds ratio (95% CI) comparing to non-vegetarians of 0.47(0.39-0.58) for vegans, 0.75(0.66-0.86) for lacto-ovo-and 0.74(0.60-0.91) for pesco-vegetarians. The weaker associations with diet among black subjects did include a point estimate of 0. 70 (0.44-1.10) for vegans compared to non-vegetarians, and odds ratios for other vegetarian groups that were all less than 1.0, although not statistically significant (Table 2) . Notice ( Table 2 ) that higher BMI is independently and significantly (p<0.001) related to screening utilization, and is also very strongly related to vegetarian status [29] . Thus BMI potentially confounds the diet-screening association, and for this reason all analyses in Table 2 
Stratified analyses
The lower screening utilization among non-black vegetarians, and especially among vegans, remained virtually unchanged when stratifying on a number of demographic variables including age, education, marital status, BMI, income and family history of cancer (Table 3) . Similarly, the attenuated association between dietary patterns and screening behavior found among black men remained virtually unchanged when stratifying on these same demographic variables. 
Discussion
About 74.4% of respondents reported that they had had either PSA, DRE or both tests, and 66.5% reported a PSA test performed within the past 2 years. This proportion is higher than that observed in other national samples and surveys during 2000-2003: 51.4-67.4% of men reported of PSA test utilization in 1996 in a Utah cross-sectional study [19] , and 55.2% reported ever having had a PSA test in the 2003 Health Information National Trends Survey [21] . The larger proportion of screening utilization among black men is in line with that reported by other studies among black men with similar educational background as those in our study [30] .
The main demographic predictors of screening that we found (older age, high education, personal income, BMI, married, family history of prostate or other cancers, and number of chronic diseases) were positively associated with recent use of screening services. These findings are also similar to those reported by other studies [17] [18] [19] [20] [21] [22] 31] . Lower rates of other cancer screening services such as Pap smears, mammography, and colorectal screening have also been found among those with low income, or uninsured, but in contrast to our rates among black subjects, rates tend to be lower among ethnic minorities [32] [33] [34] [35] [36] [37] [38] [39] [40] .
Our findings of lower prostate cancer screening utilization among vegetarians and especially among vegans are interesting. Few other studies have reported on the association between screening utilization and diet, but Close et al. [22] reported that subjects with a low fat and high fruit and vegetable diet were significantly more likely to utilize prostate cancer screening (OR=2.72, p<0.05). They did not, however, report associations between screening participation and diets varying in meat or dairy intake which is the focus of our study.
The confounding and/or mediation by BMI on the diet-screening association can be illustrated by the vegans who have greatly lower values of BMI on average. As we have also shown that those with lower BMI are less likely to screen, it is no surprise that vegans are less likely to screen. However, independent effects of diet persist when BMI is held constant by adjustment, even though they are generally a little weaker.
The lower screening rates among vegans and lacto-ovo-vegetarians were most marked among non-blacks whereas black males did not show a clear association with dietary patterns. This may be due to the knowledge and understanding among black men that they are at higher risk for prostate cancer than the general population. Whether Adventist black males also are at higher risk of prostate cancer has not yet been reported.
Why vegetarians in general and especially vegans do not utilize screening to the same extent as non-vegetarians, needs further exploration. There could be a perception that the risk of prostate cancer or cancer in general is lower among persons eating a vegetarian diet. Although not conclusive, there is some evidence in support of this. Some studies, including a meta-analysis have reported a positive association between red meat, fat intake and prostate cancer [16, [41] [42] [43] . Walker et al. [44] report positive associations between prostate cancer risk and consumption of meat and eggs, and negative associations with fruit, vegetables, foods containing more dietary fiber and carotenoids. The previous Adventist Health Study (AHS-1) found that white males eating beans, lentils, peas, tomatoes, and other dried fruits, had a lower risk of prostate cancer during 6 years of follow-up [45] , and also that men drinking soy milk at least once a day had significantly lower risk of developing prostate cancer [46] . Wei et al. [47] also found a negative association with tomato products, and others also found an inverse association with soy intake, or the intake of other vegetables and carotenoids [48] [49] [50] [51] .
Another possible explanation for lower screening rates in vegetarians could be that those who choose a vegetarian diet have a different philosophical approach to life than omnivores, and that this includes lower levels of health care utilization. Findings from California Adventists in the previous AHS-1 have found that, compared to omnivores, vegetarians (mostly lacto-ovo-vegetarians) were less likely to have consulted an MD during the preceding two years, were less likely to have been in the ER and were less likely to have had emergency surgery and emergency X-rays [52] . They were also less likely to have been diagnosed with a number of chronic diseases and allergies. Thus, the lower health care utilization was ascribed to lower prevalence of chronic diseases and thus lower need to utilize the health care system. However, a reverse causal sequence may also be possible. Any tendency to consult physicians less frequently may result in fewer diagnoses of chronic diseases, or that they are diagnosed at a more advanced stage.
A further alternative is that as vegetarian Adventists tend to be better educated [53, 54] and likely more health conscious, they would be more aware of both the benefits and limitations/side effects of prostate cancer screening [14, 55] . This may have made them more reluctant to undergo screening [56] .
These forces would be aggravated if vegetarians tended to have lower health insurance coverage. We have limited information with which to assess this question. A sub-study of 11,000 AHS-2 subjects, the Biopsychosocial Religion and Health Study (BRHS), assessed health care coverage. Preliminary analyses show that the vegan males were less likely to have health insurance coverage than omnivorous men. This may have been by choice, as only the omnivores indicated that they had problems with access to medical care because of costs. Others have found that access to medical care, and providers' recommendations for screening were more important than socioeconomic status and education as determinants of cancer screening utilization (17, 18, 20, 21, 30) . Whether this applies to U.S. Adventists is not yet clear.
Finally, it is possible that vegetarians, especially vegans, are more religious or have a higher trust in God and thus do not feel the need for screening. In order to test this, we did a sub-analyses among 2,000 men in the BRHS who met the inclusion/exclusion criteria for our study. Frequency of church attendance or the perception of a benevolent God, was no different among vegetarians than among those having a meat-based diet. However, the vegetarians did report spending more time in personal Bible study. When running our final model on this subgroup and including various indicators of religiosity, there was virtually no change in the effect estimates of screening prevalence by dietary patterns. Thus there does not seem to be evidence that the association between prostate cancer screening and dietary patterns is confounded by religiosity.
Adventists emphasize the importance of education and a relatively large proportion of Adventists have health professional degrees. The educational level among vegans is not dramatically different from that of other dietary pattern groups. Thus, it is possible that the decision to not screen for prostate cancer among vegetarians is based on a combination of healthy lifestyle, awareness of the controversies around prostate cancer screening and other unknown factors.
No significant association between diet pattern and screening utilization was found among the blacks although there was a tendency for vegan blacks to screen less than other dietary groups. The blacks in this study, however, were more likely to report screening than the non-blacks. Public health efforts to promote prostate cancer screening among blacks and the fact that this cohort of black Adventist men are relatively well-informed and well-educated, may thus have produced higher compliance and reduced the effect of diet pattern. Others have found that compli-ance with prostate cancer screening frequency recommendations among black men can be enhanced by providing support, promoting awareness and the need to take responsibility for sharing correct information and for older men to become role models [57] . These mechanisms may be operating among Adventist black men.
Further studies
The possible health consequences of avoiding regular prostate cancer screening are still being debated [58] . Thus it is unclear whether the vegans and non-black vegetarians in AHS-2 will suffer any adverse consequences from avoiding prostate cancer screening. It is theoretically plausible that they would be diagnosed at a later stage when clinical symptoms become evident [59] , which could potentially lead to lower survival. These questions will therefore be assessed in future studies using new data regarding attitudes and utilization of health and preventive services. However, data from the PLCO study show that even though the 13-year follow-up of men who underwent annual prostate cancer screening reported a relative increase of prostate cancer incidence of 12% compared to those who were not screened (RR = 1.12, 95% CI = 1.07 to 1.17), there was no survival benefit among those who had been screened [11] .
Strengths
In general, Adventists are health conscious with a wide range of lifestyles [60] . This gives added power when analyzing relationships between lifestyle and various outcomes in healthy groups of the population. The Adventists also enjoy extended life expectancy compared to other groups in the US, specifically connected to lower cancer and cardiovascular disease [61] [62] [63] [64] . Another strength is that our study population is recruited from all over the US and Canada, with a large population of both black and non-black men. The study has also collected a large amount of data on numerous lifestyle factors that could be related to both prostate cancer and screening, allowing control for these.
Limitations
Self-reported screening data has the limitation of errors in recall [65] [66] [67] [68] . Federman et al. [69] studied recall bias of PSA screening use, and found that one-third of the patients were unaware that they had PSA test done during their visits/discussion with their physician. Such misclassification is a potential problem in our study as well and could lead to either overestimation or underestimation. There is also the potential for a differential misclassification, for instance by race. We have not been able to validate self-report of prostate cancer screening in our study. However, similar associations between diet and compliance with other preventive recommendations (e.g. mammography, colonoscopy) have also been found in AHS-2 data [70] . Finally, attitudes and knowledge about screening, and adequacy of medical insurance were not available in our study.
Conclusion
Utilization of prostate cancer screening is strongly associated with diet patterns among non-black men and possibly black vegans, but not among other blacks. This difference by race may be due to increased awareness of the higher risk of prostate cancer among the black population. A variety of reasons for the reduced screening rates among vegetarians are discussed, and these await further evidence for better understanding. Further studies are also needed to assess whether this has implications for stage at cancer diagnosis, and survival, especially among vegans.
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